Abstract. This paper presents the results of the interpolation of annual precipitation over a regular grid performed in Arag6n (Spain). The main objective was the quantification of the improvement in estimation uncertainty by including elevation in the interpolation and by using base 10 logarithms of both annual precipitation and elevation versus the original values. Long-term annual precipitation (APRE) was available at 182 weather stations. Elevation above sea level (ELEV) was available at those stations and at 1913 additional points over a regular 5 km grid. The spatial variability of APRE, ELEV and their base 10 logarithms (LAPRE and LELEV, respectively), and the spatial correlation between APRE and ELEV, APRE and LELEV, LAPRE and ELEV, and LAPRE and LELEV were described by gaussian direct-and cross-semivariogram models with nugget effects. Geostatistical interpolation methods, ordinary kriging and cokriging, were used to estimate APRE and LAPRE at the 1913 additional elevation points. Estimates of LAPRE were transformed back to APRE values. Cokriging estimates were in general higher than kriging ones, mainly at points of high elevation. The average percent difference among cokriging and kriging estimates was 9-12%. Cokriging estimates obtained with the different sample data sets were in general terms similar. However, at points of high elevation, cokriging with ELEV as the auxiliary variable seemed to overestimate annual precipitation. Estimation error standard deviations (EESD) also were computed in each interpolation point. For all points, the EESD obtained using LAPRE values were lower than those obtained using APRE values, being the average percent differences of -38 to -42%. Likewise, for all interpolation points, cokriging EESD were lower than kriging ones. Using LAPRE and LELEV values, the average percent difference among cokriging and kriging EESD was -11.0%, with minimum and maximum percent differences of-6.7 and -35.8%, respectively.
Introduction
The appropriate management of agricultural and water resources demands a good knowledge of the spatial distribution of precipitation, one of the key variables for quantification and modeling of the hydrological balance at regional scales. Frequently, precipitation values are available at a number of weather stations and estimates in other areas are obtained by interpolation of those values.
Most of the interpolation techniques commonly used give arbitrary weights to the local values. Likewise, they usually do not provide any indication of the A. MARTINEZ-COB uncertainty of the results (Delhomme, 1978) . Geostatistics allows the modeling of the spatial variability of a variable based on the correlation between neighboring measurements. Geostatistics applies this modeled spatial variability together with spatial interpolation techniques such as ordinary kriging, to estimate that variable at locations where no measurements are available (Journel and Huijbregts, 1978) . The method also quantifies the uncertainty of the estimation (Delhomme, 1978) . Ordinary kriging has previously been applied to the spatial interpolation of precipitation (Tabios and Salas, 1985; Beek, 1991) .
Precipitation tends to increase with elevation above sea level. Weather stations usually are concentrated in areas with low elevations and ordinary kriging may thus underestimate the regional precipitation (Phillips et al., 1992) . Previous attempts to solve this situation include those of Chua and Bras (1982) and Dingman et al. (1988) . These authors used the method known as detrended kriging in which simple linear regressions of precipitation on elevation were computed, the spatial variability of the regression residuals was analyzed and modeled, and kriging of the regression residuals was performed. Ordinary cokriging is a multivariate geostatistical method which uses a second correlated auxiliary variable, such as elevation, to aid in the estimation of the primary variable, such as precipitation (Hevesi et al., 1992a and b; Phillips et al., 1992) . Ordinary cokriging is expected to reduce the estimation error variance if the auxiliary variable is highly correlated with the primary variable and is oversampled compared with this one, the magnitude of this reduction also depending on the data's spatial configuration (David, 1977; Hoeksema et al., 1989) .
Geostatistical interpolation methods lead to optimum estimators when the sample values are normally distributed (Samper and Carrera, 1990 ). In the case of skewed distributions, it may be very convenient the transformation of the original sample values such that the transformed values approach a normal distribution. It has been argued that transformation to normality prior to geostatistical analysis results in a nonlinear function of the original data and then (co)kriging estimates may not be obtained with minimum estimation variance and without bias (Trangmar et al., 1985) . This paper presents the spatial analysis and modeling of long-term mean annual precipitation (APRE) performed in Arag6n, Spain, using a multivariate geostatistical approach. The spatial correlation of APRE with elevation above sea level (ELEV) also was analyzed and modeled. Cross-validation was used for selection and validation of appropriate semivariogram models. The main objective was the interpolation of mean annual precipitation over a regular 5 km grid and the quantification of the improvement in estimation uncertainty by including elevation in the interpolation. In this study, the sample values of APRE and ELEV approached a log-normal distribution. Therefore, the differences in estimation results obtained using the original values of these two variables versus their base 10 logarithms were compared to see whether the use of log-transformed sample values could improve the estimation uncertainty.
